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j ourna l homepage: www.e lsev ie r .com/ locate /bbad isPrefaceThe role of soluble adenylyl cyclase in health and diseaseIn mammals, two distinct families of adenylyl cyclase synthesize the
nearly universal second messenger cAMP. Transmembrane adenylyl
cyclases (tmACs) are obligatory membrane proteins regulated by
heterotrimeric G proteins; they mediate intracellular responses to
extracellular signals such as hormones and neurotransmitters. In
contrast, soluble adenylyl cyclase (sAC) is speciﬁcally targeted to intra-
cellular domains and organelles, where it is positioned to provide the
second messenger activating the intracellular and intra-organellar
targets of cAMP. Also distinct from tmACs, sAC is regulated by intrinsic
cellular signals. sAC activity is sensitive to variations in intracellular
concentrations of ATP, calcium (Ca2+) and bicarbonate (HCO3−) ions.
Due to the ubiquitous presence of carbonic anhydrases, which catalyze
the instantaneous equilibration of carbon dioxide (CO2), HCO3−,
and protons, mammalian sAC, and its HCO3−-regulated orthologs
throughout the bacterial and animal kingdoms, serve as Nature's
physiological CO2/HCO3−/pHi sensors. This special issue highlights
recent progress in understanding the diverse physiological roles of
sAC and the relationship between CO2/HCO3−/pHi sensing and cAMP
signaling.
Cyclic AMP was discovered in the 1950's by Dr. Earl Sutherland;
for this work, he was awarded the 1971 Nobel Prize for Physiology or
Medicine [1]. In the decades following its discovery, research into the
functions of cAMP in mammals created a conundrum; there seemed
to be too many physiological processes, including opposing effects,
which were revealed to be mediated by this single second messenger.
In the 1980's, the work by Laurence Brunton and co-workers suggested
that compartmentalization into cAMP signaling microdomains might
explain how a single second messenger could mediate multiple,
apparently disparate effects in a single cell [2]. This concept was not
widely embraced until nearly two decades later, when Johannes Hell
and co-workers demonstrated that hormonally-stimulated cAMP
acted locally at the plasma membrane [3]. Since then, it has become
clear that cAMP signaling is compartmentalized; cAMP is a locally acting
second messenger which functions in the context of a microdomain
comprised of its source (adenylyl cyclase), its targets [i.e., Protein Kinase
A (PKA), cyclic nucleotide regulated channels (i.e.. cyclic nucleotide gated
channels and hyperpolarization-activated, cyclic nucleotide-gated
channels) and small G protein exchange proteins activated by cAMP
(EPACs)], and the means of its degradation (i.e., phosphodiesterases),
which prevents its spread beyond the microdomain and temporally
controls the cAMP signal [4].
When we began our studies of soluble adenylyl cyclase, the
only known sources of cAMP were the family of G protein-regulated
transmembrane adenylyl cyclases (tmACs), which are anchored at the
plasma-membrane. (Since then, tmACs have been found to also func-
tion during internalization.) Yet we knew targets of cAMP (i.e., PKAhttp://dx.doi.org/10.1016/j.bbadis.2014.09.009
0925-4439/© 2014 Elsevier B.V. All rights reserved.and EPACs) could be found inside the cell, associated with the cytoskel-
eton, centrioles, mitochondria, and nucleus, so we hypothesized that
there might be an intracellular source of cAMP. We were aware of the
work of Theodor Braun identifying a soluble adenylyl cyclase activity
which seemed to be biochemically distinct from tmACs [5]. This cytosol-
ic activitywas only ever detected in testis [6], and it was presumed to be
molecularly related to a bicarbonate-responsive cAMP producing activ-
ity found in mature sperm [7,8]. We sought the molecular identity of
this soluble adenylyl cyclase activity to determine whether it might
deﬁne a general intracellular source of cAMP.
We puriﬁed a ~50 kDa protein with soluble adenylyl cyclase activity
from ~1000 rat testis, obtained peptide sequence, and isolated cDNAs
encoding the ADCY10 gene [9]. Cloning sAC allowed us to conﬁrm that
it is biochemically distinct from tmACs, and that it resides inside cells
at locations coinciding with intracellular targets of cAMP [10]. Cloning
sAC also yielded three initial surprising discoveries. First, sAC represents
the more ancient nucleotidyl cyclase in animals. Mammalian sAC is
more closely related to adenylyl cyclases from cyanobacteria, which
ﬁrst evolved over 3 billion years ago, than it is to the other forms
of nucleotidyl cyclases (tmACs, mGCs and sGCs) found in the animal
kingdom [9]. Second, sAC is widely expressed. In contrast to the initial
biochemical studies suggesting it would be testis/sperm-speciﬁc, sAC
is detected throughout the body [11]. Finally, sAC is directly regulated
by bicarbonate anions [12,13]. Because bicarbonate is in nearly instanta-
neous equilibrium with CO2 and pH, bicarbonate regulation of sAC
provided a previously unappreciated mechanism for sensing CO2 and
pH, and numerous studies have since established that mammalian
sAC, and evolutionarily-related, bicarbonate-regulated nucleotide
cyclases, serve as Nature's CO2/HCO3−/pHi sensors [11,14]. The articles
in this special issue provide more details about these surprises, and they
summarize the current state of research into sAC and the evolutionarily
conserved relationship between CO2/HCO3−/pHi sensing and cAMP.
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Jochen Buck, I have been studying signaling molecules
throughout my scientiﬁc career. In post-doctoral studies at
Sloan Kettering Institute and as an Assistant Professor at
Weill Medical College I puriﬁed and characterized an auto-
crine B cell factor, the kit ligand (also called stem cell factor),
retinol dehydratase, and a class of signaling molecules de-
rived from retinol, the retro-retinoids. In 1999, I collaborated
with Dr. Lonny Levin to purify and clone bicarbonate-
regulated soluble adenylyl cyclase (sAC). We have since
merged our research programs, and we are characterizing
sAC, and evolutionarily related bicarbonate or pH regulated
adenylyl cyclases, together.pathway for my entire scientiﬁc career. In graduate school,
Lonny Levin, I have been studying the cAMP signaling
I studied the mechanism of cAMP regulation of Protein
Kinase A in the yeast, Saccharomyces cerevisiae. During my
post-doctoral training, I cloned and characterized the Ruta-
baga adenylyl cyclase, which is integral for learning and
memory formation in Drosophila melanogaster. I began my
career as a faculty member at Weill Cornell Medical College
cloning and characterizing additional hormone-regulated
adenylyl cyclases from D. melanogaster. In 1999, I collaborat-
ed with Dr. Jochen Buck to purify and clone bicarbonate-
regulated soluble adenylyl cyclase (sAC). We have since
merged our research programs, and we are characterizing
sAC, and evolutionarily related bicarbonate or pH regulated adenylyl cyclases, together.
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